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INTRODUCTION

Analysis of missile and satellite tirajectories and tracking datx
involves transformstions of position, velocity and acceleration time
points from one system to sncther—systems which may be fixed or mov-
ing relative to each other. This discussion will attempt to give
explicit transformation equations for the most conmon situations
which arise and suffiocient detail so that the reader can develop

any cases not covered explicitly here, In all cases the reference
syster is that in whioh the coordinate of a point are known, The
new or transient system is that in which the coordinates of the

same point are to be determined, Originally the transient system

is considered to be coincident with or superimposed upon the refer-
ence system, Then by a series of translations, rotations about its
own axes and reflections of its own axes the transient system wussumes
the desired configuration in space, A translation is only a transfer
of the origin of tha transient system from (0,0,0) as expressed in

the reference system to (X,, Y,, Z,) as expressed in the reference

system, In this prcliminary discussion X, Y, Z will be used to
represent the coordinates of the point in the reference X, Y, 2
systen, x, y, & will be used to represent the coordinates of the
point in the transient x, y, = system., In a rotation the origin

of the x, ¥, s system and one of the x, ¥y, = coordinate axes about
which the rotation takes place are unchanged, Rotations are
defined as clookwise or counter clockwise and apply to an obmerver
at the positive end of the axis of rotation looking toward the
origin, A reflection is a reversal of positive and negative ends of
a coordinate axis, A single reflection changes a coordinate system }
from right to lelt handed or vice versa, }

I. Position Transformations in Rectanguisr Coordinate Systems )

Translation is accomplished as follows! H

¥ X [x X, X - X,
L 3N (1) y| = ly| - Y| = | Y=Y,
L= Lz Z, Z - 3,

. A reflaction of an axis is hccomplilhed by changing the sign of the
23 row in the identity matrix corresponding to that axis, For
: B example, to reflect y:

, x 1 0 0 X
1 T z 0 0 1 Z

L W4
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Now conmider the righf handed coordinate systems in Figure 1, The
X y z synsten has been translated from coincidence with X Y Z system
to X, Y, zd and then rotated about the = axis in a counterclockwise

direction tunrough:.an «ngle 6. The point

X, ¥y 8
is of course stationary throughout these transfoxmitions.
L
0 (X, X, 8)
Figure 1, o’ "o’ "o
0 X

It is easy to show from simple trigonometry or vector analysis that:

X = (X = xo) cos 6 + (Y - Yo) sin o
(3) y = (X = xo) in 6 + (Y - Yb) cos O
£ = (Z - zo)
Equations (3) apply for right hanced systems with rotation about 2z

in a counterclockwise direction through an angle 8, Equations (J)
may be expressed in matrix form: _

x cos 6 sin 6 O X - X,
(4) y| = |-sin9 comy O Y - ¥,
2 0 0 . 1 AR

b



The matrix of trigonometric elements is called a transfer or trans- .,
formation matrix, Clearly transfer matrix (4) applies also for left -
handed systems in which the rotation about = is in a clockwise -
direction through an angle 6,

Tho transfer matrix by definition is used to pre-mu) tiply the
column matrix of the coordinates to be transforwed,

Now consider Figure 2 in which the direction of rotation ims clock- .
vise ahout z for two right handed systems,

Y

X, ¥, % B

P X, ¥, % .
\ # Figure 2,

]

& The transfer matrix is the same as (4) except for a substitution of ﬂﬂ
; - A for 4, Thus ¢
x cos A -sin g 0 X - X, f

¢ | (8) y - sin 9 cos 8 O Y - ¥, ]
5 I ] 0 0 1 Z -2,

) Therofore to reverse the direction of rotation in a given transfer :
- matrix reverse the signs before sines, -

So far only z axis has been taken as the axis of rotation, Consider
the following more general summary:

k b Counterclockwise rotation about x for two right handed systems

x 1 0 0 X = X, }' L
(8) y - 0 com g min 6 Y- Y, !
z 0 -8in # cos 6 Z - Zo
. , IR
i
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.
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Counterclockwise rotation about

j—

b co8 ¢
(7) y - 0
] sin 8

¥

Copntorélﬁckwiao}rotq&ion about

o X cos 0
(8) ly]| = |=sino
' ) 0

Counterclockwine rotation about

x 1 0
(9) y - 0 cos
z 0 s=min
Counterclockwise rotation about
x- aoa §
2 =gin 6

Counterclockwiss rotation about

- -
X cos O
(11) y - sin 0
z 0
-

y for two right handed systems

0 =-min @ X - xo
1l 0 Y- Yo
0 cos 6 Z2 - zo

z for two right handed systems

sin 6 0 X =X
com g O Y Yo
0 1 Z -2,

x for two left handed systems

0 X = xo
6 =sin o Y - Yo
e cos 6 Z - Zo
y for two left handed systems
0 wmin 6 X - *o
0 cos 0 Z - zo.

2 for two left handed systems

-sin 8 0 X - xo
cos 8 0 Y - Yo
0} 1 Z - zo

Transfer matrices 6, 7, 8, 9, 10, 11 and the rules previously
discussed and now summarized will permit any transformation in

rectangular ccordinates:

(a) Given X, Y, 24 coordinatos of a point P in a left handed
or right handed coordinato system, Given also an x, y, 2
coordinate systen defined relative to the reference X Y %

system, Required:

the x, y, =z coordinates of the point P,

Py i

T v et % e S e
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(b) Locate the x y z coordinate msystem first tc be coincident with
the reference 3 Y Z ayatem, Then work out a series of trans-

lations, rotations, and reflections so that finally it will '

be located 'n the proper place relative to the original
reference system,

" (¢) Perform the required transformations in proper sequence.

(d) 8ince the refarence system is different for each successive
tranaformation, trouble is easily encountered in translation,
The coordinates for the translation are usually known either
before all the rotation transformations or after all the ro-

tation transformations and the translation should be performed Gf

_when the coordinates are known.
Illultration:

It has been found that a certain transformation involving a left
handed reference lyltom recuires

(1), translation to X Y, Z,

- (2) counterclockwise rotation about x through a
(3) oclockwiso rotation about x through p

(4) reflection of =,

The complete transformation equation may be written as follows:

3 1 0 0 1 0 0 cok a =sina 0 ||X - xo
(12) yIl=|l0 1 0 0O cosmp sin B Bina c¢osa 0 ]|Y = Y,
2z 0 0 =1 0 -sin 3 com B 0 0 l 2 - Zo

Note that the sequenco of the transfer matrices goes from right to
left, A more practical example im given under the subsequent
treatment of Euler angles,

Treatment so far has been only for rectangular coordinates, Spherical
coordinate systems are generally first transformed to rectangular
systems and then after necessary transformations back to spherical,

Several illustrations of the technique are given in a later section
treating specific actual coordinate systoms,

11, Velocity Tranaformations in Rectangular Coordinate Systoms

Equations for velocity transformations are derived directly from
the corremsponding position transformations by differentiation,

A simple 1llustration should be sufficient, A common velocity
tranaformation 18 hetween geocentric equatorial inertial and geo-
contric equatorial rotating, both right handed rectangular systumu,
In this case Z and » axes coincide always and rotation is
counterclockwise,

F TV DU T )




We may differentiate equation (8) with X = Y = Z = O since the
origins of the two systems coincide., By the usual rules for

differentiating: _ @
— — . o 1 N —t ‘ " - — . T b
%%T cos 9 wsin 6 O %%.W -tin 6 cos 0‘ 0 'K%% a4
(13) %% = |=sin 6. cos 8 © %% #|=cos 0.-8in 6 O Y%% V
dz ) ‘ dz L
0 )] 1 0 o 0 z .

%% "in this equation corresponds to the angular velocity of earth

rotation about its polar axis. Equation 13 applies for a trans-

~ formation from inertia) to rotating system because 5 increases
tounterclockwise relative to reference system, For transformation
l#oﬁ‘rotlting to inertial system, 6 increases clockwise relative
t5 the reference syster, Thus the signs before the sines in (8)
should be reversed before diffsrentiating,

- ~ .

Tg% cos @ -lin e 0 %x? -gin 0 =cos & O x%% ]
(14) %% = | sin 6 cos 8 O %% +| com 9 -sin 9 0 Y%% i;}

L 0 o 1 || 0 o ol

] L JLU Jd L JL A 3
For a point P fixed in X Y Z syotem, put 'ﬁ

dx _ 4y _ dZ _ ]
T2 [ L

I11. _Acceleration Tiansformations in Rectangular Codordinate Systems

A single illustration should be sufficient, “imply differentiate
equations (13) and (14) to get acceleration transformations from
(1) geocentric inertial to geocentric rotating and (2) geccentr.
rotating to geocentric inertial respectively, Remember that

a2s
at?

- 0.
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For a point P fixed in X Y Z system simply put

gﬁ - 23; - 0
dat dt

2. .
g! - d w 0
2 "o
.9!‘.- dzz -
at  at?

IV. Euler's Angles (g, w, 1)

Consider inertial axes X Y 2 in which there is a moving coordinate
system X, vy, 8, We want to determine the coordinates of a point
in the x vy & system based upon the Euler angles defining the
relative position of the X Y 2 and x y 2 systems,

¥irat let x y =2 and X Y Z axes coincide, Both are right handed
systema. Looking downward from Z axis rotate x y 2 axes countgr-‘ ,
clockwise about = through an angle ), Let the new system be x" y 2",

The transfer matrix is given in Equation (8),

71 .
b cos O smin Q X
(17) v’ | = |-<min n cos (o O Y
g’ 0 0 ] 2

-

We now rotato about the x’ axis through the angle i where i is
measured positively above the X Y plane, Transfer matrix (6) spplies,

j ey [~ - -
x’’ 1 0 0 rx'
(18) vy’ |=| 0 cos 1 sin i y’
e’ | 0 -mini cos i e’

s -d b - L- -

Finally rotate about the z’’ axis through the angle w.

positions in this final system hy x, y, =,

(19)

e oy Pl
x cos oy sin w 0
y = login w cos w 0
z ] 0 h |
L— - L- -d

Sukatituting (17) and (18) into (19)

(4

y

v

-

q
C

-
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The components of o along the x", y", and z" axes are as follows

AU $0 semm—— a “ i
o 0 + 0 + ¢

au o [P8IN1 4 0 ¢ 0

COgu Gcos i ¢+ w + 0

. These componants were arrived at by inspection of Figure 3,

Now apply the transfer matrix from Equation (8) to rotate from x* y* z"
- system to x y z system,

r"x T [ cosw sinw Oq ] Gy )
(23) oy |* sinu cosw O Ay
o 0 0 11
L z-J - - - Uzl.:

Expanding Equation (23)

a, » asind sinuw ¢+ 1§ cosw

X
(24) a asind cosw -~ 1sinu
a, "= (:.*c.lcos'l

Having three equations in three unknowns we may solve for (fa. J». i )
if we wish

. L
n ey (°x sin uw + ay cos w)

Uy = fﬁ—‘-(ux tin w + o cos w)

f . axcmw-ayl'lna

€ o
| |

(26)

N
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Vi. Transformations Between Twn Rectangular Coordinste Systems
When Cosines of Angles Betwsen Respective Axes are Known

Many coordinate systems are stationary relative to each other. Thus
it is pointless to go through a series of transformations every time
data in one system is to be related to another mystem, For transfor-
mations of this type computer prograas customarily accept the
direction cosines gt the axes of one system re¢lative to the axes

of the other, The Azuga system® and the gecocentric rotating systam form such
a stationary pair. . . .

Congzider two systems x y £ and X ¥ Z, Let the direction cosines of
the x axis be 31 my n1 referred to the ¥ Y Z system, Let the
direction cosines of the y axis be dg My Ng referred to the X Y Z
system, Let: the direction cosines of the z axis ke da my 0y referred
to the X Y Z system, Then it can be shown that

X -11 m1 n1 X
(36) vy =] 83 mg ng Y
33 ny na 4

where X Y Z refer to the coordinates of the point P in the X Y Z
system and x y = refer to the coordinates of the same point in the
xy v aystem, Only thres of nine direction cosines are independent,

It should furthermore be noted that the original computation of
these direction cosines follows the exact series of transformations
1llustrated by numerous examples given previously, For example,

in Equation (21), the term

(cos w cos 0 ~ sin w cos 1 sin Q) = 8y

where by is the cosine of the angle between the x axis and the X
axis, Also ng = cos i, and so forth,

Vil., Definitions of V!rious Coordinlt.|B!ItONI-

It i8 not practical to develop direct transformation equations
between any coordinate system and every other coordinate system.

As an expediency all coordinate systems are related to one of three
master systems,

Then the three master systems themselves are inter-related, We
may develop what might be called a flow chart which will be followed
for position transformations,

“Huw obsolutu
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The three master systems are (1) geocen.. -: earth rotating B
equatorial, (2) geocentric inertial equet.ia:l and (3) heliocentric
inertial squatorial, ' \ :

There is always a problem in symbols wher : large number of
coordinate systems are being discussed, !: was discovered that

- adherence to the standard ETR symbols for 'he common coordinate
systenn created awkward problems in other important coordinate
systens, Consequently a logiocal system developed by Krait Ehricke

- for the various geocentric and heliocentric inertial coordinate
systens was adopted and the common ETR symbols were then modified
as little as necessary to avoid duplioation of aymbols, For exsuple,

. the ¢ommon X y & aystem in use at the »ange im called U V W in this
write=up, since x y £ in used for the geocentrioc, inertial,
equatorial, right handed syaten, ‘

P N I R T

et o o

T T

R’ A. A} xl Y' /
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Any or uwll systems in Fig. 4 can be used to define the position of
& point P in space,

A second category of transformations will be velocity transformations. ﬂi)
The following flow chart is descoriptive of the plan to be followsd
for velocity and also acceleration: ;

X', Y, é'

‘A final category will be those involving orbital elements and gﬁu- '

combined position and velcaily

a, o, 4, N, wy, u X y = !
squatorial o Xy =
8 o, 4, 8, w u S/
~ equatorial © X ¢ 2
[ .
8, 6, 1, 9, v, u X' Y'Y 2 . )

ecliptic @ r'—H X' vy 2

These categories will apparently satisfy most present problems in
coordinate transformations involving space vehicles., The systems
and nomenclature will now be defined.

E, F, Gt (Sea Figure 5)

Geocentric, earth rotntinc'. equatorial, riyht handed, G ia
coinoident with polar axis and extends in a positive direction

gorthv:r:. B extends positively so as to pierce the meridian of
reenwioh,

Xy Yy 8% (See Ngure 6)

Geocernitric, inertial, equatorial, right handed. =z is coinocident
with polar axis and extunds in a positive direction northward, x W
extends positively toward the vernal equinox,

* pParadoxically, the words "earth rotating' and "earth fixed" ave
used interchangeably in the literature, Both refer to a system
firxed with respect to the earth but rotating in inertial space,

14
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Bquatorial
Plane

FIWRES B, P, O COORDINATE SYsTEM (OEOCENTRIC)

A Earth's Polar Axis

y ! ¥

|

EqQuatorial ; )

Plane ; %

.

x i

o Lo
»~ i
L vVernal Equinox ; } :
FIGURE 6 X, ¥, & COORDINATE SYSTEM (GEOCENTRIC) '
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X, Y, Z: (See Figure 7)

Heliocentric, inertial, equatorial, right handed, Z ia parallel
to polar axin of earth and extends in a positive direction north-
vard, X extends positively toward vernal equinox,

Uy V. Wi * (See Figure 8)

Common ETR system, earth rdtuting. right handed. Origin somewhere

near surface of spharoid at lo. l‘o. Go. W extends in a positive

direction vertically in a geodetic sense, U extends downrange at
some aximuth ¥ measured east of north,

B¢ 8, 0t " (See Figuwe 9)

Common radar system, earth rotating, right handed, Origin somewhere

near surface of spheroid at no. ro, oo and ¢°. Yo Through the

origin and perpendicular to the geodetic vertical from the origin
is an imaginary reference plane, A reference axis lies in the
reference plane and originates at the origin, The reference axis
points at some axzimuth Y east of north, Aximuth a is measured in
the refersnce plane from the reference axis in a clockwise sense
as seen by an observer above the origin, The radius p connects
the origin with the point P, The elevation @ is the amaller angle
between p and the reference plans, e is positive for points
sbove reference plane and negative for points be.ow reference
plane, In x y = radar, with ¥ = zero: x-——seast,

y—north,

z-=ps vortical,

0° < a « 380°; p is alwaysm positive; -90° < e < + 90°

@ Ya B (See Fipure 10)

Common geodetic earth rotating system, ¢ is geodetic latitude

positive in northern hemisphere and negativs in southern hemisphere,

v is longitude measured eastward from Greenwich, h is height above

g:ogofto spheroid, h is positive if above npheroid and negative
elow,

-00° ¢ ¢ < + 90°; 0 < vy < 360°

The latitude and longitude of a point above the earth are determined
by the intersection at the mpharoidal surface of a line from the
point P perpendicular to the spheroidal surface, It is convenient
to disregard west longitude and consider 360° of east longitude

a8 measured from the meridian of Greenwich,

‘Ses note page 2¢ .-
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Parallel to
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Y -3
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to Earth's A
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7 vernal Bquinox 4
FIGURE 7 X, ¥, Z COORDINATE SYSTEM (HELIOCENTRIC)
iarth's Polar Axis g

N

Reference Ellipsoid Normal
/

Y B |
3 Launch Site Tangent
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v

Burth's Polar Axis

Reference EKllipsoid
Normal

Radar 8ite

~ Radar Site Tangent
Plane

FIGURE O n,0,p COORDINATE SYSTEM (TOPOCENTRIC)

o L

*Iuth'l Polar Axis

Greenwich
Neridian

Equatorial
Plane N

FIGURE 10 b, ¢y COORDINATE SYSTEM (GHODEYIC)
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by Yy r: (Sea Figure L1)

Common geccentric earth rotating, equatorial system, 1r is the
radius connecting the center of the earih with the point P, ¢
is the smaller angle between » and the equatorial plane, ¢ is
positive for northern hemimsphere and negative for southern
hemisphere, <y is longitude measured eastward from Greenwich
meridian, »r ic always positive,

-80° < & < + 90° 0° < vy < 360°

42 m p1" (See Figure 12)

Cumon direcuion cosine systemt®, carth rotating. Origin scmewhere

near surface of earth ut.no. ro, Go and ¢°. Yo Originating at

the origin and perpendicular to the goodeotic vertical from the
origin are two reference axes in‘ersecting at right angles, The
origin is connected to the point P by a vector p, Direction

‘cosines of this veotor p with respect to the reference axes are

called s and m, The clockwise angle from the § reference axis
to the m reference axis as seen by an observer above the origin
is 90°. The 4 reference axis points at some asimuth ¥ east of
north, p is always positive.

“-l<s<¢+1, =lanm<+ 1,

r, b, & (Sea Figure 13)

Geocentric, inertial, equatorial, The reference auxis extends

from the origin toward the vernal equinox. r connects the origin
to the point P, Let r' be the vector projected upon the equatorial
plane from r. Tha counterclockwise angle (as seen by an observer
at the north celestial pole) from the reference axis to r' is the
right ascension a, Tho smaller angle between the equatorial

plane and r is called the declination 8§, 8 is positive in the
northexrn hemisphere and negative in the southern hemisphers, r is
always positive,

0 <a«< 380° -80 < b < 90°

x', y', #z't (Lee Pigure 14)

Geocentric, inertial, eocliptic, right handed, x' extends positively

toward the vernal equinox, z' extsnds positively perpandicular
to the ecliptic plane and toward the north pole of the ecliptic,

*See note page 26 .

WNow oluolete,
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\* arth's Polar Axis
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Equatorial
Plane
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Heridian
Vanai7
Equinox
FIGURE 13 r, 8, o COORDINATE SYSTEM (GEOCENTRIC)
O
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Toward North Pole
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Plane
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Y
Vernal
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- Geocentric, inartial, ecliptic. The reference axis extends from the or191g
e

ra By At (See Figure 15)

toward the vernal equinox. r connects the origin to the point P. Let r

the vector projected upon the ecliptic g1ano from r. The counterclockwise angle
(as seen hy an observer at the north ecliptic pole) from the reference axis to
r' {s the longitude A. The smaller angle between the ecliptic and r is called
the latitude 8. o 1s positive for points on thea observer's side of the
-ecliptic and negative on the other side of the ecliptic, the observer again
being at the north ecliptic pole. r is always positive.

0 < ¢ 360° =90 < 8 < 90°

& o, 4, 8, w, u (equatoria) geocentric): (See Figure 16)*

The common orbital elemants. a is somi-maior axis of orbit. e 1s eccentricity
of the orbit, 1 is inclination of the orbit. 0 1s longitude of ascending node.
w s longitude of perfapsis measured from ascending node. u 1s argument of
Jatituda.** The geocenter 1s at the principal focus of the orbit. The
«guatorial plane s reference plane.

R, 4, A: (See Figure 17)

Helioscentric, inertial, equatorial, The reference axis extends from the origin
toward the vernal equinox. R connects tha origin to the point P. The reference
plane 1s.Fara1]ei to the equatorial plane of the earth and extends through the
origin. Let R' be the vector projected upon the reference plane from R, The
counterclockwise angle (as seen by an observer at the north celestia) pole)} from
the reference axis to R' is the angle A, The smaller angle between the referencé
plane and R is the angle A. 4 s positive for points on the observer's side of
the raference plane and negative on the other side of the raference plane; the
observer baing at the north celectial pole. R {s always positive,

0<A<360°  -90°a ¢+ 90°

X', 2': (See Figure 18)

Helfocentric, inertial, ncliptic, ractangular. X' extends positively from tne

ori?in toward the vernai equinox. Z' extends perpandicular to the ecliptic and :
positively toward the north pole of the ecliptic. ;

* A duplication of symbols has been found necessary here. When an a or e 1is

used, the text will make clear whether an orbital elemant or a radar coordinate ;*
is intended. 3

“* [t {5 quite common to see the mean anomaly M or the time of perifocal passage
T used instead of u.
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FIGURE 16 r, 8, A COORDINATE SYSTEM (GEOCENTRIO)
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Polar Axis

/;
e O '”

Orieantation of Orbit

’

Minor

Major
Axis

Orbit Plane

Body is at B going in direction of arrow
P P is Feriapsis '

[ n is ‘I'rue Anomaly

. P.¥, is Principal Pocus

T is Vernul liquinox

AN. is Ascending Node

b is Semiminor Axls

a,e,1,0 w,u are Orhbital Llements

FIGURE 16  CLASSICAL ORBITAL ELEMENTS
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] FIGURE 18 X, Y, 2* COORDINATE SYSTEM (HELIOCENTRIC) {
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R, B, At (Sce Figure 19)

Heliocentric, inertial, ecliptic., The refcorencc axis extends from
the origin toward the vernal equinox. R connects the origin to
the point P, Lot R' be the vector projected upon the ecliptic
plane from R, Thn counterclockwise angle (as seen by an observer
at the north ocliptic pole) from the reference nxis to R' im the
longitude A, The smaller angle between thu ecliptic and R ims
called the latitude B, B is positive for points on the observer's
sido of the ecliptic and negative on the other side of the
cecliptic; the obsorver ‘being at the north ccliptic pole, R is
always pomitive,

0 < A < 60° -90° < B < + 90°

a, 0, 1, ), », u oguutorlll heliocentiric): (See Figure 18)

The common orbital elements previously described, The sun is at
principal focus, The plane through center of the sun parallecl to
equatorial plane of earth is the reference planc,

a, 0, 4, 0, w u (ecliptic heliocentric): (8ce Figure 16)

The common orpvital elements stil] roferenced to vernal oquinox, 3
The sun is st principal foocus, The ecliptic plane is the 1
reference plane, 14

Note on Roforence Vertical: aCJ

The previous explanation refors to the geodetic vortical as a
rofurence line for UVW, nep, imp coordinate systems, the goodetic
vortical heing by definition normal to some spocificd spheroid.
Actunlly, it im customary for practical reasons to set up these
systems using as roferonco tho astronomic vertical determined by
plumb bob or hubble level, the astronomic vortical being normal 1
to the geoid, The astronomic and geodetic verticals usually }
diffor at a given sito by scvoral seconds of arc and in extrome
conditions up to 20 seconds of arc, The difforence hetween the
vorticals at a given location is called the deflection of the
vertical and dopends of coursu upon the sphoroid uscd, Measures
ments takon in an amtronomic system may be corrected for dofloction .
of the vortical before rotation to another coordinate systom, The '
sul:sequent dismcussion of tranaformations (Scvction VIII) assumos 1
mepsurements have been corrected for defloction of the vertical,

Seo Appondix B for methods of making these corrections nnd for 4
alternative traneformations,
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FIGURE 19 R , B, A COORDINATE SYSTEM (HELIOCENTRIC)
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IX. Basic Epoch Transformations

East Longitude of Vernal Equinox .
For transformations between earth rotating and inertial systems
the east longitude of the vernal equinox has been used in this
note. The following relation is convenient for computing the
mean value of the geodetic east longitude of the vernal equinox
at epoch T: ’

(68)  mean y,, (T) = 380293445740 - 09886473460 d
-(329018) 10713 o7 . ot
0 3 vy () < 360°

where d is number of wean solar days elapsed from 0h January 1,
1980, Universal Time to o“ Universal Time of epoch day; t is
number of mean molar seconds elapsed from oh Universal Time of
epoch day to epoch; «w,is earth rotation rate relative to moving
mean vernal equinox. By definition d is an integer., t im not
necessarily an integer, An average value for w, 18

(68) uy= 0,004178074623 deg/mean solar sec.

The mean value of course doen not include nutation effects,
The true value which includes nutation effects ie

(70)  true vy (T) ™ mean y,, (T) - &a

where Aa is oalled the "nutation in right ascension" or "equation of
the equinuxes", Oomputation of Aa is desoribed in subsequent equa-
tiona, and Aa 1¢ tabulated in the Amerioan Ephemeris, Universal
Time in Eq. 63 represents UTI, and w, represents rotation rate of
date (see Appendix J), but normally in earth satellite computations
UTC and an average we are used, When orbvital information involving
the vernal equinox is transmitted between test ranges, 1t is im-
portant to verify consistency in method of computation.
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